Multiple Complex Developmental Disorder (MCDD) represents a distinct group within the autistic spectrum based on symptomatology. Unlike autistic children, part of MCDD children develop schizophrenia in adult life. Despite the differences, patients of both disorders are mainly characterized by abnormal reactions to their social environment. At the biological level, we showed in a previous study that MCDD children have a reduced cortisol response to psychosocial stress. Given the fact that autistic children clinically show more social impairments, it was hypothesized that they may have even further decreased cortisol responses to psychosocial stress than MCDD patients. Therefore, 10 autistic children were compared to 10 MCDD children and 12 healthy control children in their response to a psychosocial stressor, consisting of a public speaking task. In order to test whether any impairments in the biological stress response are specific for psychosocial stress, the autistic children were compared with 11 MCDD children and 15 control children in their response to a physical stressor, consisting of 10 min of bicycle exercise. Heart rate and salivary cortisol levels were used as indicators of response to the stress tests. Autistic children showed a relatively elevated cortisol response to psychosocial stress, in contrast to MCDD children who showed a reduced cortisol response. No differences in heart rate or cortisol responses to the physical stress test were found. The specific difference between autistic and MCDD children in their cortisol response to psychosocial stress indicates that the disturbed reactions to the social environment observed in these disorders may have different biological backgrounds.
INTRODUCTION
Pervasive developmental disorders, or autistic spectrum disorders, are usually divided into autism and the autisticlike disorders. Of these, autism is the best described: the criteria have not changed much since the first description by Kanner (1943) . However, ever since this first description, there has been discussion about the classification of children at the boundaries of classic autism. In DSM-IV, the autistic-like disorders are divided into Asperger's and Rett's disorder, for which clear diagnostic criteria are available, but most autistic-like children are placed in the rather ill-defined rest-group of Pervasive Developmental Disorders, Not Otherwise Specified (PDDNOS). In DSM-IV, this group is described as: 'This category should be used when there is a severe and pervasive impairment in the development of reciprocal social interaction or verbal and nonverbal communication skills, or when stereotyped behavior, interests, and activities are present, but the criteria are not met for a specific Pervasive Developmental Disorder, Schizophrenia, Schizotypal Personality Disorder, or Avoidant Personality Disorder. ' (American Psychiatric Association, 1994) . This lack of clear diagnostic criteria hampers research on this group of children. This is especially unfortunate, since the autistic-like disorders are even more common than autism itself. The ratio of the combined rate of all developmental disorders to the rate of autism is 2.6 (Fombonne, 1998) .
Furthermore, the autistic-like disorders should not merely be regarded as some 'milder form' of autism. Several factor analyses on symptomatology have revealed that the autistic spectrum can be divided into four distinct groups on empirical grounds: besides the classical Kanner-type autistic patients, a group of Kanner-type autistic children with mental retardation, a group of atypical patients with more organic disturbances, and a group of children with more affective and 'schizoid' symptoms can be distinguished (Dahl et al, 1986; Siegel et al, 1986; Szatmari et al, 1989) . The latter group matches the group of 'Multiple Complex Developmental Disorders' (MCDD), as described by Cohen et al (1986) . MCDD children are different from autistic children in that they are more aggressive, more anxious, and show more psychotic thinking, suspiciousness and odd interactions than autistic children, while autistic children are more disturbed in their social interaction and communication and show more stereotyped and rigid behavior than MCDD children (Van der Gaag et al, 1995) . Thus, MCDD children clearly differ from autistic children on symptomatological grounds. In 1994, Cohen et al (1994) established clear diagnostic criteria for this homogenous group of autistic-like children, which makes this a useful group for the research on autistic-like disorders (see the Appendix).
Another interesting indication that autistic-like children differ from autistic children, is the course of the disease. Follow-up studies show that autism is a relatively stable condition, while autistic-like disorders show a development towards the schizophrenic spectrum, with 6-29% of autistic-like children developing schizophrenia later in life. Similarly, 17% of MCDD children manifest schizophrenia as adults, while 56% develop a schizoid or schizotypal personality disorder (Van Engeland and Van der Gaag, 1994) .
Despite these differences, abnormal reactions to the social environment and stress are still central to both disorders and have been described clinically. Autistic and autistic-like children can show hyper-reactions like tantrums, stereotyped behavior, and even self-injurious behavior. On the other hand, they can also show hyporeactions and appear unresponsive to their environment. One of the biological systems that play a major role in stress processing and adaptation to the environment is the hypothalamic-pituitary-adrenal (HPA) system. This system regulates the secretion of cortisol, the so-called stress hormone.
For MCDD children, we have previously found decreased cortisol stress responses to psychosocial stress (Jansen et al, 2000) , and hypothesized that these children have an inability to interpret and elicit a normal biological response to their social environment. Thus, it may be hypothesized that autistic children, given the fact that they clinically show more social impairments, may have even further reduced cortisol responses to psychosocial stress. However, the literature on HPA function describes both normal and increased responses to stress in autism (Yamazaki et al, 1975; Maher et al, 1975; Tordjman et al, 1998) . It is difficult to compare these studies with our own, since these studies used metabolic stress (Yamazaki et al, 1975; Maher et al, 1975) , or a combined physical/psychological stressor like venapunction (Tordjman et al, 1998) . Considering that the main impairments in autistic and MCDD children are found in their responses to the social environment, it would be more informative if both groups are compared in their responses to an actual psychosocial stress situation.
Therefore, in the first part of this study we compared the cortisol response to a psychosocial stressor in autistic children to our previous findings on the same psychosocial stressor in MCDD children. Then, to test if impairments in the HPA response are specific for psychosocial stress, in the second part of this study we compared the cortisol response to a physical stressor of the same autistic children with a group of MCDD children.
SUBJECTS AND METHODS

Subjects
Psychosocial stress subjects. In all, 10 autistic children were compared to 10 MCDD children and 12 healthy control children in their response to a psychosocial stressor. (see Table 1 for descriptive data of the study groups). 
Neuropsychopharmacology
Differentiation between autism and MCDD LMC Jansen et al
The MCDD and control children for the psychosocial stress test have been described in a previous report by our group (Jansen et al, 2000) . The autistic and MCDD children were all recruited from the outpatients' clinic of the Department of Child Psychiatry of the University Medical Center Utrecht. Diagnoses were made according to DSM-IV criteria by extensive psychiatric evaluation consisting of a developmental history, medical examination, and semistructured psychiatric interview by experienced child psychiatrists (HvE, RJG). In addition, parents were interviewed using the Autism Diagnostic Interview (ADI) (LJ). The ADI gives impairment scores in the four main domains of the diagnostic criteria for autism: Qualitative Impairments in Social Interaction, Communication, Repetitive behaviors and Stereotyped Patterns, and Onset Evident before 36 months. For each domain, a cutoff score is defined above which the score falls within the autistic range. Cutoff scores are 10, 8, 3, and 1, respectively for the four domains. MCDD children were all diagnosed as having PDDNOS according to DSM-IV. In addition, they all fulfilled the MCDD criteria as described by Cohen et al (1986) (see the Appendix).
Mean ADI scores for the autistic and MCDD children are given in Table 1 . Although autistic children scored higher than MCDD children on all four domains, these differences only reached statistical significance in Qualitative Impairments in Social Interaction (F ¼ 9.89, p ¼ 0.006) and Communication (F ¼ 17.77, p ¼ 0.001). (It should also be noted that half of the MCDD children scored above the cutoff scores of the ADI. However, they did not fulfill the DSM-IV criteria for autism clinically. It is not known whether the ADI is overinclusive for the autistic-like disorders, because it has only been validated for autistic subjects in comparison with mentally handicapped and language-impaired subjects (Lord et al, 1994) .)
Children with known mental retardation were excluded from the study, since all subjects should be able to understand and perform the public speaking task. Mean total IQs of the autistic and MCDD children, as assessed by either the Wechsler Intelligence Scale for ChildrenFRevised NL (WISC-RN) (Wechsler, 1986) or the Kaufman Assessment Battery for Children (K-ABC) (Kaufman and Kaufman, 1983) , were not significantly different (Table 1) .
Physical stress subjects. The same group of 10 autistic children was compared to 10 MCDD children and 15 healthy controls in their response to a physical stressor (see Table 1 for descriptive data of the study groups).
The control children for the physical stress test have been described in a previous report by our group (Jansen et al, 1999) , and the autistic children are described above. The MCDD children were again recruited from the outpatients' clinic of the Department of Child Psychiatry of the University Medical Center Utrecht and were diagnosed in the same way as the MCDD children used in the psychosocial stress test. Unfortunately, the parents of MCDD children could not be submitted to the ADI as it was not available in our language at the time of data collection (1995) (1996) . Total IQ scores were obtained in retrospect from the medical records for seven patients (see Table 1 ), and were not significantly different from the IQs of the MCDD and autistic groups used in the psychosocial stress test.
For all children, the Child Behavior Checklist (CBCL, Achenbach) was filled out by their parents. CBCL scores were used to screen control children for possible psychiatric problems. None of the children from the healthy control groups had any symptom cluster score above the 98th percentile. Secondly, CBCL scores were used to check for symptomatological differences like emotional problems, psychotic thinking, and aggressiveness not covered by the ADI, but known to differ between MCDD and autistic children (Van der Gaag et al, 1995) . Indeed, MCDD children had higher scores than autistic children on anxiety/ depressed and the aggressive behavior cluster scores, but no differences were found on the thought problems cluster scores. Mean CBCL scores for all subject groups are given in Table 1 . Main differences between the five groups were found on every CBCL score, except for somatic complaints. This was because of controls having significantly lower scores than patients. The two control groups did not differ from each other on any CBCL score. Analyses of differences between patient groups showed that the two MCDD groups differed on thought problems score (mean difference 10.33, p ¼ 0.025), but were similar to autistic patients on this score.
All children were screened for physical illness by filling out a medical checklist or by checking their medical records. Children with known endocrine, cardiovascular, pulmonary, liver or kidney diseases, or any organic cerebral disorders were excluded from participation in the study.
The study was approved by the Ethics Committee of the University Hospital Utrecht. Informed consent was obtained from parents and children.
Stress Test Procedures
Psychosocial stress test. This test consisted of speaking in public while being recorded on video. Children were asked to take part in a study on 'difficult tasks'. The exact content of the task was not explained, to avoid any anticipation for the public speaking task. After an initial resting period of 45 min, the actual test began. It was not until then that the child was told that he/she had to perform a public speaking task. It was suggested that a 'jury' of at least three 'teachers' was present in the adjacent room behind a one-way screen, and that these 'teachers' would judge the child's performance on the task. The child was then given 10 min to prepare a 5-min talk on a subject of his/her own choice. During the talk, if the child stopped talking before the 5 min were over, a test assistant behind the one-way screen (one of the 'teachers') intervened via the intercom. The test assistant motivated the child to continue the talk, by saying: 'You have some time left, please continue', or 'Try to tell us something more about your subject'. After the talk, the child was left to wait for 5 min for the judgment of the 'teachers'. This judgment was always positive, thereby ending the stressful situation.
The public speaking test was imbedded in a 2-h stress test session, consisting of an initial resting period of 45 min, the public speaking test, and a post-test resting period of 60 min. The stress tests were compared to a control test that was identical to the stress test sessions, except that the subject did not have to perform the public speaking task. The resting periods and the control test session were spent as relaxed as possible, for instance by talking, drawing, or playing a game. Test sessions were performed on separate days between 10.00 am and 4.00 pm, because the cortisol level is relatively stable and low during these hours, and is therefore more susceptible to stimulation. For each child the test sessions were performed at the same time, to rule out any differences in cortisol levels between the tests owing to circadian variation. Children were asked to refrain from eating and drinking and physical exercise for at least 1 h before the beginning of the test sessions.
Heart rate was measured continuously (Psylab data acquisition, Contact precision instruments) as a measure of autonomous activation. Saliva samples for the measurement of cortisol were collected at about 20-min intervals. The first saliva sample was taken during the initial resting period, 20 min before the start of the stress test. The second sample was taken just before the stress test. Then, saliva samples were taken after the preparation period and immediately after the 5-min talk. After the stress test, three more saliva samples were taken 20, 40, and 60 min after the end of the actual stress test (see also Table 2 ).
At the beginning of each test session, children used a visual analog scale (coloring a thermometer with a scale from 0 to 4) to score anticipation anxiety for the tests. Just before and after the stress tests, the Von Zerssen mood scale (Von Zerssen, 1986 ) (modified for children) was filled out to account for mood changes during the stress tests.
Video recordings of the public speaking task were used to score the performance of the public speaking task (observer). Parameters that were measured were the amount of time during the 5-min talk that the subject was actually speaking, and the number of interventions by the 'teachers' (test assistant) to motivate the child to continue the talk.
Physical stress test. This test consisted of 10 min of bicycle exercise on a home-trainer. The child was motivated to perform the test with maximum effort. Children were not informed about the content of the task until after the initial resting period, at the actual start of the exercise test, to rule out any anticipation stress.
The physical stress test was also imbedded in a 2-h stress test session similar to the psychosocial stress test session. Heart rate was measured automatically (Omron HEM705) as a measure of effort. Heart rate was assessed only before and after the actual exercise test, since data from control and MCDD children had already been collected between 1995 and 1996, and we had not been able to measure heart rate continuously at that time. Saliva samples for the measurement of cortisol were collected at about 20-min intervals, similar to the psychosocial stress test session, although sampling times differed slightly owing to the shorter duration of the physical stress test (see Table 3 ). Just as during the psychosocial stress test session, the anxiety thermometer and the Von Zerssen mood scale were filled out.
Cortisol Analyses
Saliva samples were collected in plastic vials after stimulation of saliva production with citric acid. Samples were stored at À201C until analysis. Saliva cortisol concentrations were measured without extraction, using an in-house competitive Radio-Immuno-Assay (RIA) with a polyclonal antibody to cortisol (K7348). [1,2-3 H(N)]-Hydrocortisone (NET185, NEN-DUPONT, Dreieich, Germany) was used as a tracer after chromatographic verification of its purity. The lower limit of detection was 0.5 nmol/l and interassay variation was 11.0, 8.2, and 7.6% at 4.7, 9.7, and 14.0 nmol/l, respectively (n ¼ 20).
Statistical Analyses
Psychosocial stress test. Differences between autistic, MCDD, and control children in the effects of the psychosocial stress test on heart rate and cortisol levels Differences in symptom scores, performance observation, anxiety thermometer, and Von Zerssen scores were tested using MANOVA. Pearson's correlation coefficients between psychometric scores and peak heart rate and cortisol levels after the psychosocial stress test were computed. If data were not normally distributed, the appropriate nonparametric tests were performed.
Physical stress test. Differences between autistic, MCDD, and control children in the effects of the physical stress test on heart rate and cortisol levels were tested using repeated measures MANOVA, with time as the within-factor and diagnosis as the between-factor. Main effects of time and time by diagnosis were further analyzed by conducting difference contrast tests.
Differences in symptom scores, anxiety thermometer, and Von Zerssen scores were tested by MANOVA. Pearson's correlation coefficients between psychometric scores and peak heart rate and cortisol levels after the physical stress test were computed. If data were not normally distributed, the appropriate nonparametric tests were performed.
RESULTS
Psychosocial Stress Test
Performance. All children in the study managed to give a talk during the public speaking test. The amount of time (in percent) that the subjects were actually speaking did not differ between diagnostic groups: mean amounts of time subjects were talking were 66.3 7 16.5% for control children, 65.6 7 12.9% for MCDD children, and 66.1 7 27.4% for the autistic children. The number of interruptions by the test assistant was also not significantly different between diagnostic groups, mean numbers of interruptions were 3.8 7 2.6 for the control children, 9.1 7 9.8 for the MCDD children, and 4.7 7 3.7 for the autistic children. Performance on the public speaking test was not correlated with the patients' IQs.
Anxiety/mood. No differences were found in anxiety thermometer scores before the psychosocial and control tests. Furthermore, autistic, MCDD, and control children did not differ in their anxiety scores before any of the test sessions. MCDD children had higher Von Zerssen scores on all occasions, but after the control test (w 2 values were resp. 6.63, po0.05 before the control test; 4.88, p ¼ 0.09 after the control test; 7.98, po0.05 before the public speaking test, and 6.73, po0.05 after the public speaking test) (see Table 4 ). Although all groups showed an increased Von Zerssen score after the psychosocial stress test, there was no overall significant increase in this score after the public speaking or the control tests.
Heart rate. Mean heart rates and salivary cortisol levels during the psychosocial and the control test for autism, MCDD, and healthy control children are given in Figure 1 .
Repeated measures analysis revealed significant overall test by time effects for the heart rate (F ¼ 7.42, po0.001). Difference contrasts showed that this effect was because of a significant increase during the preparation (F ¼ 5.57, p ¼ 0.03) and talk (F ¼ 17.86, po0.001). Analyses of differences between autistic, MCDD, and control children revealed significant differences in the response to psychosocial stress (test by time by diagnosis effect: F ¼ 3.33, p ¼ 0.004). Difference contrasts revealed that the test by time by diagnosis effects were because of differences in the increase in heart rate during the preparation (F ¼ 10.67, po0.001), the talk (F ¼ 3.61, p ¼ 0.04), and the decrease after the talk (F ¼ 4.14, p ¼ 0.03).
Cortisol. Repeated measures analysis revealed significant overall test by time effects for salivary cortisol levels (F ¼ 7.97, po0.001). Difference contrasts revealed that this was because of a significant increase during the preparation for the talk (F ¼ 6.19, p ¼ 0.02), the talk itself (F ¼ 17.46, po0.001), and 20 min after the talk (F ¼ 11.28, p ¼ 0.002). Furthermore, a significant test by time by diagnosis effect was found (F ¼ 4.06, p ¼ 0.003). Difference contrasts revealed that this was because of significant differences during the talk (F ¼ 4.65, p ¼ 0.02), 20 min after the talk (F ¼ 5.97, p ¼ 0.007), and the decrease 40 min after the talk (F ¼ 3.73, p ¼ 0.04). Post hoc analyses on the cortisol concentrations during the public speaking and control test sessions revealed that MCDD children had significantly lower cortisol values as compared to healthy control children immediately after the public speaking test (contrast estimate (CE) ¼ À2.74, p ¼ 0.014) and at 20 and 40 min after the test (CE ¼ À5.13, po0.001 and CE ¼ À2.82, p ¼ 0.001 resp.). As for the cortisol levels during the control test, significantly higher levels were found for autistic children compared to healthy control children at the last three saliva sample times (CE ¼ 1.65, p ¼ 0.024; CE ¼ 2.62, p ¼ 0.012 and CE ¼ 2.52, p ¼ 0.011 resp.) (see also Figure 1 ). Differentiation between autism and MCDD LMC Jansen et al
Correlations with symptom scores. ADI Communication scores appeared to be correlated with peak cortisol values at t ¼ 40 min after the beginning of the public speaking test (Pearson's correlation coefficient ¼ 0.515, p ¼ 0.029), but it was not correlated with heart rate levels during the public speaking test. As for the CBCL symptom scores, anxious/ depressed symptoms and aggressive behavior were not correlated with peak cortisol values nor with heart rate levels during the public speaking task. In addition, there were no correlations between IQ scores and heart rate and cortisol responses to the public speaking test for the MCDD and autistic children (Pearson's correlation coefficients were resp. À0.053, p ¼ 0.84 and 0.013, p ¼ 0.962).
Physical Stress Test
Heart rate. Mean heart rate and saliva cortisol levels during the physical stress test for autism, MCDD, and healthy control children are shown in Figure 2 . Repeated measures analysis revealed significant overall time effects for the heart rate before and after exercise (F ¼ 262.95, po0.001), but no significant time by diagnosis effect (F ¼ 1.01, p ¼ 0.367).
Cortisol. Repeated measures analysis revealed a significant time effect (F ¼ 10.47, po0.001) for salivary cortisol levels during the physical stress test. Difference contracts revealed that this was because of a significant rise in cortisol levels from 10 to 30 min after exercise (F ¼ 18.40, po0.001). There was no significant time by diagnosis effect (F ¼ 2.12, p ¼ 0.101) for the response to physical stress. Furthermore, an overall difference in cortisol levels was found between groups (F ¼ 3.41, p ¼ 0.046). Post hoc analyses revealed that control children had increased cortisol levels before the test at t ¼ À20 (CE ¼ À2.67, p ¼ 0.003 vs autistic children and CE ¼ À3.08, p ¼ 0.001 vs MCDD children) and at t ¼ 0 (CE ¼ À2.03, p ¼ 0.021 vs autistic children and CE ¼ À2.89, p ¼ 0.001 vs MCDD children). At t ¼ 10, control children only differed from MCDD children (CE ¼ À2.45, p ¼ 0.004) (see also Figure 2 ).
Anxiety/mood. Autistic, MCDD, and control children had similar anxiety thermometer scores before the test. Scores in the Von Zerssen mood scale increased after the physical stress test (Z ¼ À2.73, p ¼ 0.006). In order to be able to compute differences in increase between the autistic, MCDD, and control group, Von Zerssen difference scores were computed. Analysis of these scores showed a Figure 1 Mean heart rate and saliva cortisol curves for the psychosocial stress test session and the control test session for autistic, MCDD, and control children (-K-, autistic children, -&-, MCDD children, -~-, control children). Figure 2 Mean heart rate and saliva cortisol levels for the physical stress test session for autistic, MCDD, and control children (-K-, autistic children, -&-, MCDD children, -~-, control children.) Neuropsychopharmacology Differentiation between autism and MCDD LMC Jansen et al significant difference in increase in Von Zerssen scores between autistic, MCDD, and control children after the physical stress test (w 2 ¼ 7.46, p ¼ 0.024). Contrast analyses revealed that this difference was owing to autistic children showing a smaller difference score (Z ¼ À2.20, p ¼ 0.028), while MCDD and control children did not differ from each other. Physical exercise had an impact on mood scores of MCDD and control children, but not on mood scores of autistic children (see Table 5 ).
Correlations with symptom scores. MCDD children that participated in the physical stress test scored significantly higher than autistic children did on aggressive behavior (mean difference score À9.7, p ¼ 0.006) (see also Table 1, note that these MCDD children comprised a different group than those tested in the psychosocial stress test), but there were no correlations between the heart rate or cortisol responses to the physical stress test and CBCL scores.
DISCUSSION
The main findings of the first part of the study were that autistic children did not differ from control children in their cortisol response to psychosocial stress, while their heart rate response to this test was significantly different from controls. In addition, autistic children showed an increase in saliva cortisol levels during the control test. In contrast, MCDD children showed both decreased heart rates and saliva cortisol responses to the psychosocial stress test, while their cortisol levels during the control test did not differ from those of controls.
The main finding of the second part of the study was that there were no differences between diagnostic groups for the heart rate and saliva cortisol response to physical stress. Thus, differences in heart rate and saliva cortisol stress responses between autistic, MCDD, and control children were specific for the reaction to psychosocial stress.
Autistic patients differed from control children in their psychosocial stress response in that they show normal cortisol responses in the face of decreased heart rate responses. During the actual talk, they showed a small but significant heart rate increase, indicating that they perceived the test as stressful in some way. However, they did not show an increase in heart rate in anticipation of the talk, during the preparation period, unlike normal control children. This may indicate some sort of inability to understand and anticipate the stressful social situation. The normal cortisol response, given the inability of autistic children to fully perceive the social stress situation, may be interpreted as a hyper-responsivity of the HPA system. Similarly, the increase in cortisol levels during the control test may be interpreted as an HPA hyper-response to a situation that is not perceived as stressful. This finding of an HPA hyperresponsiveness is consistent with earlier reports of increased HPA responsivity to stress in autistic patients (Tordjman et al, 1998; Maher et al, 1975) . On the other hand, the increase in cortisol levels during the control test may also be interpreted as a disturbance of the circadian rhythm of the HPA axis, as has been previously found in autistic subjects (Yamazaki et al, 1975; Hill et al, 1977; Hoshino et al, 1987) . Although this may not explain the initial cortisol response after the public speaking test, since this response occurred at least 20 min earlier, it may have influenced the duration of the response after the public speaking test.
The results of the second part of this study confirm the hypothesis that the impairments in stress responsivity are indeed specific for the reaction to psychosocial stress, since all children showed normal responses to the physical stress test. However, the finding of a normal cortisol response to physical stress in this group of MCDD children is inconsistent with our previous finding of a blunted cortisol response to physical stress in a sample of PDDNOS patients, who almost all fulfilled the MCDD criteria (Jansen et al, 1999) . This difference might be explained by the fact that the PDDNOS patients in the previous study were all hospitalized, while the children in this study were all outpatients. Hospitalized children may be more severely ill, and may therefore have more severe HPA dysfunctions. However, comparison of symptom scores did not confirm this hypothesis (unpublished results). It should also be noted that the two MCDD groups used in the present study showed some symptomatological differences. There was a significant difference in CBCL scores for thought disorders between the two MCDD groups. This suggests that the MCDD group maybe less homogeneous than expected from the literature. It is not known whether the groups also differ in specific autistic-like symptoms, since unfortunately we did not have ADI scores of both MCDD groups.
The most interesting finding of this study is the fact that autistic and MCDD children differed considerably from each other in their reactions to psychosocial stress. Both disorders are characterized by an impairment in social functioning and by the inability to correctly interpret, and react to, their social environment. Therefore, based on our findings in MCDD children, and the fact that autistic children show even more social impairments, we had expected autistic children to have even more diminished cortisol responses to psychosocial stress. However, autistic children did not show decreased, but relatively increased cortisol responses to psychosocial stress.
Although at a symptomatological level, autistic children indeed differed significantly from MCDD children, this could not explain the differences in cortisol response to the public speaking test. In fact, the only symptom score that was significantly correlated to the cortisol response to psychosocial stress was a higher communication score on the ADI. However, this was a positive correlation, meaning that more impairments were related to higher cortisol levels. This is in contrast to our expectation that disturbances in social functioning would be related to diminished cortisol responses. Also, IQ appeared not to be an explaining factor for the differing response to public speaking between autistic and MCDD children. There was no significant correlation between IQ scores and heart rate or cortisol response to the psychosocial stress test. Unfortunately, we did not have IQ data of the control children and it is therefore not possible to determine if IQ would be a factor in the cortisol response in these children. However, the fact that autistic and MCDD children did not differ in IQ but showed completely different cortisol responses suggests that it is unlikely that IQ is an explaining factor for this difference. Obviously, the processes behind abnormal reactions to psychosocial stress are far more complicated and are not easily explained by differences in symptomatology or overt behavior. Instead, the difference between autistic and MCDD children in their responses to psychosocial stress may indicate that the abnormal reactions to the social environment and stress as described clinically in autism and MCDD may have different biological backgrounds. Our measurement of only the end product of the biological stress response, cortisol release, is not sufficient to be able to say anything about the central mechanisms involved in (disturbances of) the psychosocial stress response. It is, therefore, extremely difficult to find proper explanations for the presently found differences between autism and MCDD, having used a neuroendocrine strategy only. The current findings warrant further research on the biological mechanisms that regulate the reaction to psychosocial stress and activation of the HPA axis. Important brain structures for cognitive stress processing, interpretation of stimuli, and triggering of the HPA and autonomous system are the prefrontal cortex and limbic structures like the amygdala (Huether, 1996) . In neuroanatomical studies, reduced limbic structure volumes have been found to be correlated to autism (Bauman and Kemper, 1985; Jacobson et al, 1988) . The authors have so far not found any specific neuroanatomical studies on autistice-like disorders. Furthermore, the study of the neuropeptides arginin-vasopressin (AVP) and oxytocin (OT) may be of interest. Both neuropeptides are involved in the regulation of the HPA response in reaction to stress, and psychological stress in particular (Romero and Sapolsky, 1996) . AVP stimulates the HPA response, while OT is thought to inhibit the HPA response. Moreover, AVP and OT both play an essential role in the stimulation of social behaviors that are genetically determined (Insel, 1997; Dantzer et al, 1987) . Thus, it has been hypothesized that abnormalities in AVP and OT may play an important role in disorders like autism, in which disturbances in social behavior are the main characteristics (Insel et al, 1999) . Indeed abnormal basal concentrations of AVP and OT have been found in autistic children: basal AVP concentrations were found to be increased (Leboyer et al, 1992) and OT concentrations were found to be decreased (Modahl et al, 1998) . Thus, the elevated cortisol response to psychosocial stress might be explained by increased stimulation by AVP and decreased inhibition by OT. Similarly, the reduced cortisol response in MCDD children may be related to decreased stimulation by AVP and/or increased inhibition by OT. Finally, the selective impairment in the response to psychosocial stress that is found in MCDD children has also been found in schizophrenic patients (Jansen et al, 2000b) . Part of MCDD children develop schizophrenia in adult life. Therefore, the impaired response to psychosocial stress in MCDD children may be a factor in the vulnerability to develop schizophrenia in later life, which is not present in autistic children. It might even be argued that MCDD children should be placed in the schizophrenic spectrum, rather than the autistic spectrum, as has previously been proposed for Multidimensionally Impaired Disorder, whose criteria largely overlap those for MCDD (Kumra et al, 1998) .
Further research on the regulation of the response to psychosocial stress in autism, MCDD, and even schizophrenia is needed to unravel and interpret the differences found in the present study. For this, new strategies for investigating psychoneuroendocrinological systems should be addressed, in combination with both structural and functional imaging techniques (such as functional MRI and PET), as well as genetic studies.
